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Abstract-- During islanding conditions, two or more on/off 

GTIs will work stand alone, these inverters can't work in 

parallel, because there is no parallel mechanism in this 

inverter. So power absorption from PV not reach 

maximum and battery power drain. To make these 

inverters can work in parallel we must add a power limiter 

in input inverter using chopping/PWM method and this is 

not cheap. This research proposed method to parallel two 

inverter using reconfiguration of Photovoltaic (PV) circuit 

on microgrid based on/off GTI inverter, in islanding 

condition, using master slave parallel network topology 

inverter. The test results showed paralleling two inverter 

can be done using reconfiguration of Photovoltaic (PV) 

circuit and increase the absorption of energy from PV up 

to 26% and reduce the use of battery backup up to 26.38%, 
so the level of the battery can be sustained. 
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I. INTRODUCTION 

Environmental friendly renewable energy technologies, 
such as photovoltaic (PV), and clean and efficient fossil fuel 
technologies, such as fuel cell and micro-turbine, is the latest 
generating system which encourages the distribution of power 
plant technology development, as part of the microgrid. 
Microgrid is an electrical grid consisting of multiple sources of 
micro generator (micro source), energy storage systems and 
loads. All of these components, in grid system/PLN, is seen as 
an integrated control power plant system [1,2]. Inverters can 
also work with other micro inverters in supplying power at the 
same time, in terms of network, which can be seen as one 
integrated power system. Coordination between micro 
generator controllers can be done by using the communication 
network between inverters or without communication network, 
but it is plug and play integrated, using droop control method, 
[3,4]. Micro generator with renewable energy sources have 
problems with the quality of generated power, especially if it is 
connected to the grid system, where solar power electrical 
generator would be seen as a negative load by the grid system 
because it has uncontrolled characteristics related to 
fluctuations of energy source [5]. Inverter on microgrid system 
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has the ability to operates connected on grid or off grid 
lislanding [6]. During islanding condition, multiple 
interconnected micro generator forming a master-slave 
microgrid architecture[7]. 

Inverter in power generating systems can be classified into 
stand-alone inverter systems and grid-connected inverter 
systems (grid tie inverter/GTI). On a stand-alone system (off 
grid), the inverter is not connected to the network. On-off GTI 
can be operated by connecting to the grid or independently 
supply the local load. In some types, on-off GTI has been 
equipped with power sharing feature so it can still work in 
parallel with other inverters during islanding conditions and 
form a microgrid. However, this type of inverter is expensive 
which make it less appropriate to apply as a solution to energy 
problems. At the low end type, on-off GTI has a more 
affordable price but the problem is that during islanding 
condition, the inverter only supply local loads that are 
connected to the inverter, it does not form a microgrid because 
it doesn't have the ability to share power with other generator. 
Thus, maximum energy absorption operation cannot be 
acquired. 

So far, the research on control system development of 
microgrid inverter is focusing on the development of the 
control system that integrated with operating system of the 
inverter itself In this research, there will be do some 
improvement on inverter operation, which previously failed to 
operate in parallel between on-off GTI during islanding 
conditions, so it will be able to work parallel to form a 
microgrid. Using master slave network topology and re­
configuration on PV circuit. By studying the characteristics of 
on-off GTI when connected in parallel with other inverters 
when islanding condition and forming microgrid. 

II. LITERATURE REVIEW 

A. MPPT (maximum power point tracking) 

In a grid-connected inverter systems of electric solar power 
generation, to acquired maximum power, it used the MPPT 
method. There are several MPPT methods that can be used to 
obtain proper working voltage suitable to MPP point in order 
to reach maximum power such as inter-alia, perturb and 
observe (P&O) and incremental conductance (INC) described 
in [8,9,10,11]. 
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MPPT is implemented in the GTI circuit based on PV 
current and voltage measurements[12]. MPPT will generate 
PWM signals for DC-DC converter series and switching 
arrangement on the DC-AC converter circuit, it is expected 
that when connected to the grid, the energy of the sun can be 
utilized as much as possible to be converted into electricity 
energy. The amount of the inverter output power at MPP while 
connected to the grid is, 

Where: 

Poutinv = II x Pmpp 
Pmpp = Vmpp x Impp 

Poutinv , inverter output power 
Pmpp , PV output power at MPP 
V inv , PV voltage at MPP 
Iinv , PV current at MPP 
ll, inverterefficiency 

B. On-off Grid Tie Inverter (GTJ) 

The Inverter topology in off grid and on grid condition can 
be seen in Fig. 1 [13]. It is shown that in off-grid conditions, 
PWM reference is based on generating an input signal that 
formed sine wave and compared with conditions of output 
voltage. During this condition, the on-off GTI works as a 
voltage source. 

L _____ _ 

(a) 

(b) 

Fig. 1. Topology (a) off grid and (b) on grid inverter 

Meanwhile during on-grid conditions, the PWM reference 
refers to the voltage of the grid / network. The inverter works 
as a current source, using the MPPT mechanism, the power 
from the source is utilized as much as possible. During 
transition from off-grid into on-grid conditions, there will be 
some arrangements to be done on voltage parameter, 
frequency, phase and references current of the grid. As for the 
transition from on-grid to off-grid condition, it is affected by 
grid error parameters condition and a grid setting on voltage 
and current references [14]. 
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C. Parallel Inverter 

In microgrid, The output of each inverter circuit is 
connected in parallel to supply the load at the same time [15]. 
Load sharing method in microgrid during islanding condition 
can be classified into, centralized control, master slave, 
average load sharing (ALS), circular chain control (3C) [16]. 
Equivalent circuit of distributed generator using master-slave 
control configuration during islanding condition can be seen in 
Fig. 2 [16]. 

Equivalent 
10lUi 

Fig. 2. Equivalent circuit of parallel inverters in distributed generator 

In the circuit above, an inverter works as voltage source that 
serves as temporary master while other inverters work as a 
current source that serve as slave. Another thing to be 
concerned when connecting inverters in parallel on a microgrid 
is the reverse current of the inverter into another inverter. This 
can be caused by one inverter gives greater power, while the 
other inverter has a low load. A reverse current can cause 
damage to the DC linle 

III. EXPERIMENT METHODS 

To achieve the goal of this research, an experiment is 
conducted to test inverter operations of on/off GTI using two 
500W on/off GTI and 2 x (4 x lOOWp) PV. Power equation on 
a stand-alone inverter system can be described by the amount 
of power input from PV, Ppv and the power needed by the load, 
PL. Power amount generated by PV is, 

Ppv = Vpv. Ipv 

Ipv= Nlpvm 

(1) 

(2) 

WhereVpvPV voltage and Ipv is the output current of PV 
module, determined by the number of modules, N and output 
current each PV module, Ipvm. While the magnitude of the load 
expressed PL = VU::'()j . hLB2 . The relationship between the 
power at the load against input power PV, PL = '1 Ppv where '1 
is the efficiency of PV power against the load, which is 
affected by the dissipation factor (cit) of inverter and duty cycle 
(D) of dc-dc converter of inverter, so it can be concluded that, 

'1= (J-df}D 

PL = (J-df}D Ppv (3) 

D parameters used to arrange so that the PV power is sufficient 
with the power needs of the load, the amount is 0 < D s l. The 
above equation is valid if the battery condition is full or the 
system does not use a battery and PL<Ppv. If the inverter is 
connected to the battery, the following equation will apply: 

For,PL<Ppv 

Ppv = Pb + Pd + PD + PL (4) 

(5) 

(6) 



The above equation applies at the level of battery power (Plb) 
at the time, Plb< Pbmax (maximum power level of the battery), 
when Pb = 0, then the inverter input power, PmI' = Ppv. The 
amount of Pb indicates battery charging, Pd inverter power 
dissipation, and PD inverter input power are not supplied to the 
load, when D < 1. 

Pr dfPinv 

PD= (1-df ) (1-D) Pinv 

from (5) shows that the amount of PV power that used to 
supply the battery is determined by how much the rest of the 
PV power after being used to supply the load. 

(7) 

FOr PL>Ppv:PL=(1-df}DPinv (8) 

From (7) shows that at the current load is greater than the 
power generated by the PV then PV power plus battery power 
is used to supply the load. Power equation for each inverter 
when connected to a network is expressed by the following 
equation, 

ForPL<Ppv: Ppv =(PL + Pd+ P,J 

ForPL>Ppv: PL= ( Ppv+ Pg-PcJ 

(9) 

(10) 

In (9), when the power on the load is smaller than the input 
power of PV and by using MPPT mechanism PV will produce 
maximum power, so that D � 1, it means that almost all of the 
PV power is distributed to local load and grid. 

Fig. 3. Circuit of parallel inverter in off grid/islanding 

Power equation during islanding conditions is where two 
inverters are connected in parallel with the master slave 
configuration, Fig. 3. One inverter works as a master (inv2) 
and serve as a reference for another inverter operation that 
works as a slave (invl). In this condition it will apply the 
following equation, 

On condition Pu + PL2< Ppvl + Ppv2 shown on (11), to make 
the power that is supplied from each generation to meet the 
load power needs, without going over-supply, particularly 
from the inverter that serves as a slave, then the amount of 
power distributed to the load carried with a set number of PV 
modules (N) that are connected to the inverter by setting the 
switch that connects the PV circuit. 

When, Pu + PI2 < Ppvl + Ppv2 

(Pu + P12) = (1 - dfl) DI Ppvl + (1 - dj2) D (Ppv2 -Pb2) 

= (1 - dfl) DI Vpvl N lpvlm + (J - dj2) D (Ppv2 -Pb2) (11) 

Meanwhile, on the condition Pu + PL2> Ppvl + Ppv2 from (12) 
shown, there is battery power on the inverter 2, this will 

123 

happened if the PV power reach its maximum level (the whole 
PV is already connected) but it can not accommodate load 
power needs, so power from battery inverter 2 will also supply 
power to the loads. 

When, Pu + PL2 > Ppvl + Ppv2 

(Pu + PuJ = (1 - dfl) DI (Vpvl N lpvlm + Pbl) + (1 - dj2) D 

(Ppv2 + Pb2) (12) 

IV. RESULTS AND DISCUSSION 

On/off GTI in parallel during on-grid conditions is intended 
to see the power sharing that happened on both inverters. 
When only one inverter is connected to grid so with a load of 
97.5 W and PV input power is only 94.33 W, and then part of 
if is supplied by the grid of 55.5 W, Table I. This is acceptable 
in accordance with the applicable equations. 

TABLE 1. PARALLEL 2 ON/OFF G T! WHEN ON GRID 

PDC1 (W) PDCl (W) PLI (W) PL2 (W) Pp1n (W) 

94,33 0 97,5 0 55,5 

94.2 1 94,40 97,2 0 14,2 

94.25 94,40 0 0 -82, 1 

93, 17 0 97, 1 0 56,3 

By parallelizing both inverters during off grid, it shows that 
at the power needs in inverter 1 is supplied by inverter 2 which 
acts as the master and inverter 1 as slave. Power absorption in 
inverter 2 performed optimally. When the power from inverter 
1 is reduced, the excess power will flow into the battery. In this 
test, the battery is connected back to the master. In addition, 
there is a change in power flow direction, where the excess of 
power in inverter 1 is supplied to inverter 2, Table II. 

When there is an increase in input power in PV where the 
power of inverter 1 exceeds power needed by inverter 2/master 
causing a reverse current on inverter 2, protection on inverter 
2 disconnect parallel connection on both inverters, as shown in 
Fig. 4(a), so that the configuration change to stand-alone 
operation. Through the reconfiguration of PV circuit by 
reducing the amount of PV panels on inverter 1, then power 
equilibrium can be achieved again so that both inverters can 
work in parallel. Synchronous condition when both inverter 
work in parallel shown in Fig. 4(b). Test circuit is shown in 
Fig. 4(c). 

V. CONCLUSION 

During off-grid condition, on/off GTI works stand alone to 
supply power, in this operation mode not all energy from PV is 
absorbed, especially during low-load and full battery 
conditions, only 73.47% of the power is absorbed. When 
paralleled with another inverter with a master slave topology 
and the same load, the energy absorption from PV is increased 
to 99.47%. In addition, with this topology energy usage from 
battery to supply load power during stand alone operation 
reached 26.38%, while in parallel operation that power 
requirements can be supplied from another inverter, power 
sharing occurs, so the use of battery energy can be reduced to 
0%. 



TABLE II. PARALLEL 2 ON/OFF G TIIN OFF GRID C ON DITION 

Rad Num. PV PV (DC) BATT (DC) INVI(AC) LOAD (AC) 
(W/m') 

PVI PV, PI (W) P, (W) PI (W) P, (W) PI (W) PI (W) P, (W) 

588 

579 

576 

587 

591 

557 

60 1 

221.6 MAX 

4 4 

4 4 

4 4 

4 4 

3 4 

3 4 

4 4 

I I • 

94,34 69,3 1 

88,82 88,35 

88,69 88,67 

78, 10 94,25 

70,98 94,65 

62,66 83,54 

95,53 95,52 

222.8 MAX 

14,96 

0 

0 

0 

0 

0 

0 

0 

0 

15,68 

26,85 

20, 13 

-30,5 

14,36 

I I • 

0 56,7 14,8 

-20,95 56,7 14,8 

9,89 25,5 14,8 

0 25,5 14,8 

-7, 12 25,5 14,8 

-4,74 14,8 56,7 

28, 13 14,8 56,7 

221.5 u= Synch.2 inverter 222.7 u= Synch.2 inverter 
221.3MIH /-.. .. � 

:::: r� T 
::;;"f-�:;;� 

0.440 MAX 
0.437 A= 
0.435MIH 

1.50A 

0.447 MAX 
0.444 A= 
0.441 MIH 

1.50A 

,� 
305 II 1205 II OmA r-J-1.Lh · ro;A 305 . . '-;1""'20""5------' 

w � W 
Fig. 4. (a). Unstable condition of parallel 2 inverter due to reverse current (b). Synchronous condition of 2 stable invertere and achievedstability due to power 

arrangement.( c) Test circuit of parallel on/off GTI 
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